On the cusp of transition to the National Architectural Accrediting Board (NAAB) 2009 Conditions for Accreditation, and at the juncture of higher education's transition into a culture of assessment, this paper addresses the rationale and frameworks for the design of student learning objectives. The circumstances of undergraduate architectural education are the primary target here, but the same principles will apply to graduate learning as well. The discussion is itself framed by a comparison to a set of model student learning objectives published by the American Psychology Association, and is structured within the conventional planning model of mission, values, goals, objectives, tactics, and strategies. For the purpose of discussion, the authors propose several hypothetical examples.
Introduction
This paper relates the forces of change in architectural education that result from increasing pressures for continuous institutional improvement and student learning. Such pressures come from different sources and create a growing variety of requirements. In every case however, the appropriate and necessary response begins with the development of empirically measurable learning outcomes. This paper offers a model for developing such measurements in architectural education. The proposed model is based both on the Public Comment Edition of the NAAB 2009 Conditions for Accreditation, (February 27, 2009 ) and on an adopted set of learning outcomes as defined in another discipline. The NAAB criteria serve as context for the proposed model, while the adopted outcomes from the American Psychological Association (APA) serve as a scheme for how learning outcomes are operationalized to the extent that they are empirically measurable and demonstrably valid.
The administrative impetus for such a measurement model evolves not just from the National Architectural Accrediting Board (NAAB) criteria for minimum levels of learning achievement, but also from the six higher education regional accrediting commissions' (SACS, WACS, etc.) standards that uniformly require empirical evidence of continuous improvement through program self-assessment. In the recent past, this twin standard placed architectural education in the dual duty of proving to NAAB that its pedagogy is effective and simultaneously showing the Higher Education Commission how it empirically institutionalizes reflection and refinement.
Coupled with these accreditation reporting requirements are some fundamental shifts in higher education, such as student-centered learning, active learning, and evidence based learning. Furthermore, increased use of the classroom itself as a laboratory for teaching and learning has begun to promote empirical insight and refinement. The Carnegie Academy for the Scholarship of Teaching and Learning (SOTL) is a prime example of this later development.
Over the past decade, the assessment of student learning has become increasingly important and the assessment literature suggests that direct evidence of student learning is a measure of institutional excellence (Bresciani, Zelna & Anderson, 2004 ; Millersville University Assessment and Planning). As stated earlier, pressure from state accrediting agencies and the public sector continue to encourage institutions to enhance student learning. Given this mounting pressure for accountability and transparency, faculty and their institutions can no longer depend on anecdotal or self-validated evidence of student learning. Institutions must demonstrate evidence of student learning suggesting the dire need for creating measurable program learning outcomes. The specific situation of architecture schools is discussed here in this context.
Embracing the culture of assessment and continuous introspection
Assessment and accountability are here to stay. In the U.S., the Spellings Commission report called for a "robust culture of accountability and transparency." Similarly, proceedings from major conferences focusing on SOTL and assessment (Carnegie Academy for the SoTL; Texas A&M, 2009 Assessment Conference) indicate that accountability and assessment are a worldwide phenomenon. The specific question here is-how do we assess the quality of architectural education in ways that facilitate the refinement of learning outcomes? For many educators of course, the "specter of standardized testing and a one-size-fits-all" approach is threatening (Shulman, 2007) . Accountability and evidence: The proactive perspective on accountability and assessment of student learning places the focus on program revitalization, organizational transformation and changing accreditation processes (Ratcliff, Lubinescu and Gaffney, 2001, p 5) . During the 1990s, assessment and accountability were primarily defined as "the systematic collection of input, process and outcome data, as well as the use of these data to make decisions about the effectiveness of schools" (Education Commission of the States). Today, changes in assessment focus on learning outcome measures, direct measures, program assessment, student learning and program responsibility rather than on institutional effectiveness (Rogers, 2009 ). Based on current literature (Angelo, 1995) , assessment requires
• setting explicit and expectations and making them public to all stakeholders, • establishing appropriate criteria and standards for learning quality, • systematic collection of empirical data as both direct and indirect evidence, • analyzing and interpreting evidence to identify how well student performance corresponds with expectations and standards, and finally • using results to document, explain and improve performance, teaching and student learning.
As the assessment process is an on-going activity designed to increase the mission of each program discipline and department, the process is dynamic and is both dialectic and long term (Fig 1) . Recent assessment evidence emphasizes the need for identifying specific and measurable helping in making adjustments or revisions of the curriculum. What is a measurable learning outcome? First let us discuss the terms used in describing elements of a curriculum. The convention used in this paper follows a typical planning model which is based on a rough hierarchy of mission, values, goals, objectives and outcomes, tactics, and strategy. Each of those terms is used in the later parts of this paper to outline a model framework for architectural education. At this stage however, learning outcomes can be thought of in a couple different ways. At the program level a learning outcome is much like a goal, an ultimate destination. Higher Education commissions now require that each program defines a small number of such program outcomes as the end result of a graduating student's cumulative educational experience. At the course level however, learning outcomes are more like planning model objectives. Such objectives are measureable in ways that are not open to interpretation, and are used to scale success or failure and to set thresholds to operationalize the objective as met or unmet in defensibly empirical ways. Normally a course has many learning objectives and all student learning activities are targeted at one or more specific objectives.
Program level learning outcomes are, on the other hand, more globally assessed through supporting but less scalable evidence. Somewhere in between are the NAAB Student Performance Criteria (SPC) which describe course outcomes that can be identified among evidence from specific courses. The SPC are thus larger scale than course learning objectives and smaller than program learning outcomes. At this point of the discussion, a "learning outcome" referring to any one of the three scales is essentially synonymous with "learning objective."
For more on this terminology, Bresciani (2001; lists essential components in creating measurable and meaningful outcomes: The key element is to operationalize student learning. In other words, what are architecture students expected to learn and how can that learning be empirically measured? Bresciani (2007) differentiates between program outcomes (i.e., architecture program achievement), learning outcomes (student learning as a result of the curriculum) and developmental outcomes (students' feelings and attitudes about their education). In architecture, Watt and Cottrell (2006) define learning outcomes as a "set of competences including knowledge, understanding and skills that a learner is expected to know/understand/demonstrate after completion of a process of learning-short or long." They further discuss learning outcomes as a point of reference for curriculum design and evaluation and how such outcomes should allow flexibility and autonomy in developing curricula. Mostly, they believe that learning outcomes provide a "common language for describing what curricula are aiming at."
Recently, the American Institute of Architects education web site published a page on "Learning Objectives: What are they and how do I write one?" (AIA, 2009 ). This resource defines learning objectives as "an explicit statement that clearly expresses what the student will learn or be able to do after taking the course… an observable and measureable learning outcomes to create opportunities to enhance program coherence and our ability to plan for the future (Texas A&M Conference, 2009.) Program coherence can be used to help students understand what is expected of them and promote learning. Assessment results contribute to planning by promoting further examination of curricular activities and student outcome statement… open to limited interpretation" and further states that "a learning objective is where the design and development of an educational program begins." It goes on to promote three elements of a learning objective as the behavior (activity leading to what participants will gain in ability), the condition (constraints under which the behavior is framed), and the criteria (how student performance is evaluated). Finally, this overview resource advocates the use of Bloom's taxonomy of educational objectives (see Bloom, 1956 ). Ample evidence indicates that using the Bloom's taxonomy or derivative works to design meaningful learning outcomes results in better assessment methods. Recent revisions to the taxonomy includes more outcome-oriented language, workable objectives and active verbs, and helps distinguish the different levels of cognition on a scale from remembering to applying, analyzing, evaluating, and creating (Anderson and Krathwohl, 2001 ). An illustration of this adapted taxonomy along with corresponding action keywords from the Bloom taxonomy is shown in Figure 2 . The Bloom's action verbs can be used to connect all areas of the curriculum and to accommodate measurement and assessment. For instance, verbs such as
• remembering is used to assess retrieval, recalling and recognizing. At this basic level, assessment measures students' ability to recall and recognize information, ideas and principles.
• understanding is used to construct meaning from different types of knowledge, either written or graphic. At this level, assessment is more sophisticated and examines students' ability to interpret, classify knowledge, infer, compare and explain the concepts and material covered in a specific course and/or in prior courses.
• applying is used to perform a process through the execution of implementation. At this level, assessment focuses on students' ability to apply information, ideas and principles students have learned in various courses through products such as research papers, models, presentations, drawings or simulations.
• analyzing is used to compare and contrast, classify and link assumptions, hypotheses, evidence or structure information, ideas and principles. At this stage, students are assessed on their ability to dissect the concepts or material they learn and to organize them in new ways such as writing research papers or creating spreadsheets, diagrams or drawings.
• evaluating is used to examine students' abilities to systematically examine and critique information, ideas and principles. At this level, students are assessed on their ability to critique and make recommendations about new approaches using specific standards and criteria.
• creating is the last step in the taxonomy and indicates students' capacity for reorganizing elements in new ways, planning and generating new ideas.
The Bloom's taxonomy and its recent revisions allow for each discipline to identify means of assessment, design appropriate instruments and produce reliable findings that can be applied toward reform in the curriculum or planning new teaching strategies. Anderson and Krathwohl (2001) further describe the levels of cognitive process from remembering to creating as one axis in a larger matrix. Along the other axis they classify factual, conceptual, procedural, and metacognitive "knowledge dimensions." For the purposes of this paper however, we offer a more detailed set of classifications in Table 1 . The body of the matrix formed by the axis of six cognitive processes and other axis of six knowledge dimensions forms a grid of 36 cells. Each of these cells is a potential coordinate for the design of a learning objective (Table 2 ). Finally, it is possible to unify these concepts in a map charting the areas of architectural curriculum (Table 3 ). In this final table the knowledge aspects of declarative domain knowledge, procedural technique, and structural wisdom are not mapped as levels of complexity as in Table 2 , but rather to depict different frames of knowledge as just one of the many parallel concepts that tie the curriculum areas together in complimentary ways. Table 3 also lists a synthetic and holistic area of shared curriculum common to all the topic areas. 
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Measures of creativity
In a creative endeavor such as architecture, there is some inherent resistance to the idea of empirical measurement and doubt as to its relevancy. In fact however, creativity can be taught and learned. Like every other personal trait, some individuals may have more or less natural inclination to be creative, but all individuals can be taught to enhance their creative work and thinking. Since the architecture curriculum is designed to affect this teaching, the efficacy of the curriculum and the faculty can be evaluated. In the end, it is not the sublime qualities of architecture that assessment is geared to measure but the effectiveness of a particular program of instruction and the potential areas of refinement. The same principle applies to art, poetry, psychology, math and every other topic area. Clearly, no program of instruction has yet achieved perfection. The culture of assessment merely encourages reflection, introspection, and self-critique for all, and insists that the process be free of self-satisfying bias and conservative complacency.
What is creativity? Creativity itself is frequently believed to be "artistic, lofty, out-of-the ordinary and beyond understanding" (Dickhut, n.d.) . Schools of architecture thus experience challenges "articulating criteria for evaluating creative work" (Mayo, 1991) . However, the key in identifying what constitutes a creative person and creative work is in its definition? Clearly, creativity can be defined in several ways and at many distinct levels: cognitively, intellectually, socially, economically, spiritually, and from the finite perspective of different disciplines.
According to Sternberg (1985) , three intellectual skills play an important role in enhancing creativity, all of which can be learned. First, the synthetic skill includes the ability to generate novel and interesting ideas and make spontaneous connections between ideas. The second skill refers to analytical approach which consists of convergent thinking and appraisal in considering implications for all possible responses, problems and outcomes. Lastly, the practical skill refers to one's ability to translate abstractions and theories into realistic applications. Such skill is important in communicating ideas and motivating others to consider those creative ideas. Therefore, creativity can be easily assessed as the fulfillment of these three skills. Similarly, others consider cognitive processes and structures that contribute to creative thinking and discovery (Finke, Ward and Smith, 1992) . As such creativity is a product of numerous cognitive processes, each of which contributes to insight and discovery. These processes and principles of creative cognition can be applied across disciplines, including architecture. In this context, the assessment dialectic process of creativity directly benefits from using the Bloom's taxonomy as explained earlier.
Some distinctions in architectural discourse regarding assessment "a building has to start in the unmeasurable aura and go through the measurable to be accomplished. It is the only way you can build, the only way you can get it into being is through the measurable. You must follow the laws but in the end when the building becomes part of living it evokes unmeasurable qualities. Louis Kahn, "Form and Design", p. 149.
Architectural education, by necessity, grapples simultaneously with two different evaluation systems. On one hand are the sublime, ephemeral and immeasurable qualities of what constitutes architecture and on the other is the rigor of measured learning outcomes. This inherent duality suggests that there are pitfalls and "traps in architectural discourse" (Heath, 1991) where the differences are confused, conflated, or simply ignored. Such mistakes subvert real evaluation and assessment. The following is a beginning list of such pitfalls.
Quantitative and qualitative versus objective and subjective: Qualitative must not be confused with subjective. In fact the distinction of qualitative/ quantitative is quite separate from that of objective/subjective. The former relates to two means of empirical measure which use different but equally valid scales, while the latter differentiates opinion from fact or the subject in one's mind from the object itself in the world. The danger of crossover here is that the sublime interpretations of student's work would be substituted for empirical evaluation of their learning. In other words, the ephemeral notion of architectural design is declared immeasurable and therefore design learning is itself immune to empirical evaluation. Worse, the really fatal threat here is that design must remain property of the master: cloaked in talent, mystery, genius, and voodoo; in which case design cannot be taught and schools of architecture should probably disband. Instead, educators must embrace the idea that colleges are places of learning and that students are becoming architects. Students learn to understand their own activities and products, and how to evaluate their own work to make their efforts meaningful and their learning productive. In short, valid evaluation can be qualitative or quantitative, but the process of evaluation needs to be explicit and must relate to stated objectives by which students clearly know in advance how they are evaluated.
To elaborate a bit, quantitative measurement includes numerical data. The data can be analyzed using statistical methods and results can be illustrated using tables, charts, histograms and graphs. Qualitative measurements consist of data collected that is not numeric such as grading of written work using a rubric, results from group discussions, interviews, case study evaluations and artistic portfolios (Trochim, 2000) . Evaluation of qualitative data often focuses on chunking the data based on themes. Such data can produce great insight in understanding a particular measurement. For instance, using a grading rubric can assist in evaluating student writing and a resulting value can be assigned based on standard criteria, or help devise a matrix to assess creativity. Finally, calculating frequency or percentage in each category allows for a better understanding of the results (Bailey, 1994) .
Talent, creativity, genius and skill: Talent, creativity, and skill can all be taught and learned. Genius, on the other hand is probably best thought of as inherent predisposition, aptitude, or inclination. The entymological root of genius is, after all, the mythological Roman genii or the Muslem jinni. Such extracognitive ability may be earned by extreme effort, but it is hardly the barometer of normal teaching and learning. Albert Einstein, Sir Isaac Newton, Mozart, Le Corbusier, or Frank Lloyd Wright all epitomize creativity and ability beyond what we recognize as talent or skill. Talent, creativity, genius and skill have been examined extensively. Some examine what they call "extra cognitive aspects of high ability" to explain brilliant achievement and the elusive qualities held by certain individuals (Shavinina and Ferrari, 2005) . Conversely Howe (2005) argues that it is work ethic, perseverance and interpersonal skills that are essential in developing "extracognition." Finally, Subotnik (2005) discusses the development of artists and focuses on Julliard's strategies and techniques used during the students' academic training.
The ultimate point here is, given that talent, creativity and skill can be nurtured and taught, then student learning can be assessed. A college student's journey in any discipline needs to be mapped to capture what strategies to use, and what learning to cover and omit (Harden, 2001 ).
To impact student learning then, instructors must commit to using datadriven evidence rather than verbal claims.
Intuitive and counterintuitive vs. rational and imaginative: Contrary to popular belief, intuition is based on experience, and not only on imagination. Intuition involves direct insight that is independent of rational reasoning, but this only makes insight more of a heuristic shortcut or cognitive process of knee-jerk reaction rather than of reflection and consideration. Without prior experience in the matter, there is no background on which to base the shortcut. When we speak of intuition then, it is a mistake to equate it to what Coleridge meant by spontaneous imagination:
The -, B+, etc.) . Using continuous measures help faculty to easily rank students and evaluate their work using on a scale ranging from zero to 100. Extrinsic versus intrinsic: Extrinsic behaviors refer to those actions resulting because of some reward while intrinsic behaviors are those that are performed because they are inherently enjoyable or otherwise performed for their own sake. Educators often emphasize extrinsic behaviors such that students who worked diligently are more likely to be rewarded with a good grade. In contrast, when students feel engaged and enjoy their learning experience, they will be more likely to be intrinsically motivated to learn.
Explicit versus implicit learning: Implicit learning is characterized as a passive process whereby individuals learn by exposure. This process of learning occurs naturally and unconsciously. Conversely, explicit learning is an active and conscious process that requires awareness of specific skills. Constructive feedback, a rubric, or a grade can be used to help student become more attentive of what they need to focus on.
Direct and indirect measures: Direct measures of learning are based on actual student performance and the artifacts of their learning activities.
Student performance results as evidence only if it satisfies the initial intention, such as a stated learning outcome declared in a project assignment or in the course syllabus. Examples of direct measures are written assignments, classroom assignments, presentations, test results, research projects, logs, portfolios or e-folios, and direct observations (e.g., architectural critiques, review or juries) (Leskes, 2002) . Indirect measures of learning are those that evaluate students' feelings and perceptions with regard to their learning experience and environment. Examples include surveys, exit interviews with graduating students, focus groups, and reflective essays (Eder, 2004) .
Given these warnings and a better understanding of the various forms that may influence assessment, it is important to devise the best possible assessment measures. In addition, much of the measurement literature warns against "pursuing the blind alley of value added assessment" (Banta, 2007) . As such there is no first order need to compare programs at various institutions as students differ in many ways. Instead, it is important to identify standardized assessment methods that provide meaningful information for a specific educational environment.
Using the general planning and APA assessment models in Architecture education
The model used in developing a framework for assessment of learning outcomes for architecture education was paralleled with the American Psychological Association (APA) Task Force. The APA psychology learning goals and outcomes express expectations for graduating seniors' performance regardless of resources, student or faculty characteristics. The APA Task Force developed goals and outcomes that address overarching goals, and assist psychology faculty and department in "curriculum design, goal setting and assessment planning" (APA guidelines) The APA model and the NAAB goals are used in the present document to prompt discourse among architecture faculty and to facilitate the assessment process. Recently, schools of architecture have been using learning outcomes and reporting assessment of learning, but there is very little literature available describing best practices regarding the development of program learning outcomes in architecture education.
To facilitate the process, we used the APA model as well as the National Architecture Accreditation Board (NAAB) student performance criteria.
As currently defined by NAAB, student performance criteria are difficult to actually measure. However, the SPC used as qualitative standards allow great flexibility in how each school can fulfill the criteria within their own curriculum plan. Additionally, the SPC are only evaluated every five or six years at a given institution, and the process consists of a busy five-day review by a visiting team. The Visiting Team Report (VTR) is based on intersubjective agreement among the team members as to whether the host program satisfies the SPC as well as the many general conditions. In the end, the process has historically been well focused, but only applied intermittently and was based more on current success than on a continuous process of refinement and improvement. It is worth pointing out that the proposed 2009 NAAB Conditions reverse this trend. Part One is now titled "Institutional Support and Commitment to Continuous Improvement" and contains the following requirements of the Architectural Program Report (APR) that is prepared for accreditation:
The APR must include the following:
• A description of the process by which the program identifies its objectives for continuous improvement.
• A description of the data and information sources used to inform the development of these objectives.
• A description of the role of long-range planning in other programmatic and institutional planning initiatives.
• A description of the role the five perspectives play in long-range planning.
Developing goals and outcomes that can be applied broadly across schools of architectures is critical but not prescriptive. In this paper, we propose that specific program learning outcomes support high quality performance and facilitate assessment.
A proposed model of learning outcomes in architectural education
The typical general project planning model (Tables 4-7) begins with a mission that is aligned with a set of values, establishes goals that define the mission, and works down through objectives and tactics for achieving the goals… all wrapped into a set of strategies that make the plan coherent and the resources available. The following tables are meant to illustrate how that planning model is reflected in the APA assessment model, as well as how it meshes with NAAB SPC, and ultimately with a workable framework for assessing learning outcomes in any school of architecture. .
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ARCC JOURNAL / VOLUME 6 ISSUE 1 • Lighting topic learning objectives 1) Evaluate the daylighting resource of any given location accounting for seasonal and daily variation 2) Schematically size daylighting systems according to their desired annual performance 3) Resolve the seasonal performance of a daylighting system relative to solar heat gain and illumination levels 4) Select appropriate daylighting strategies, glazing types and system configurations 5) Select, size and incorporate appropriate daylighting systems and evaluate their expected performance 6) Incorporate luminous zoning as a design determinate (perimeter, interior, core, atrium…) 7) Understand photometric terminology and the qualitative properties of light sources 8) Estimate the power and energy consumpt ion of electrical lighting systems for a given illumination level 9) Select, size and incorporate appropriate task lighting systems and evaluate their expected performance 10) Understand light loss factors and the differences between initial and maintained illumination 11) Select, size and incorporate appropriate ambient lighting systems and evaluate their expected performance Acoustics topic lear ning objectives 1) Understand the logarithmic measures of acoustical intensity and loudness 2) Select, size and incorporate appropriate room configurations and materials for sound quality 3) Design rooms to achieve desirable reverberation time 
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Alignment and coordination of learning outcomes within an architectural education curricula
Follow-up activities must be encouraged to develop learning outcomes. For instance, a specific set of actions should set the development of relevant grading rubrics and exemplars of different evaluation tools that can be used both in lecture and studio. Workshops can be organized to present ideas to help faculty members integrate specific learning outcomes within their syllabi and properly assess and report learning outcomes. Another strategy used in ongoing assessment of architecture education is to require a capstone course in which student exercise the full range of program learning outcomes. Grading rubrics can also be developed to examine students' learning.
A rubric is an assessment tool used to measure students' work and serves as a scoring guide to evaluate a student's performance based on the sum of a full range of criteria rather than a single numerical score. A rubric is a working guide for students and teachers, usually handed out before the assignment begins to let students know the criteria on which their work is evaluated. Rubrics can be analytic or holistic, and they can be created for any content area including architecture. When a rubric becomes an ongoing part of the teaching and learning process, students are involved in the assessment process through both peer and selfassessment. As students become familiar with rubrics, they can assist in the rubric design process. This involvement empowers the students and as a result, their learning becomes more focused and self-directed (Pickett and Dodge, 2001) . Using a rubric has several advantages • allow assessment to be objective and consistent • help to state criteria in specific terms • clearly show the student how their work is evaluated and what is expected • provide useful feedback regarding the effectiveness of the instruction • provide standard against which to measure and document progress
Rubrics can be created in a variety of forms and levels of complexity; yet, they include common features. Rubrics • measure a stated objective (performance, behavior, or quality) using a specific range to rate performance, and • contain specific performance characteristics arranged in levels indicating the degree to which a standard has been met (see example in Table 8 ).
Other follow-up activities include indirect measure of students' perception of their learning. Asking students to comment on their performance and their level of preparation to perform within each area can be accomplished via a survey, a discussion group or exit interview. Using such measure allows the program to measure weak areas of learning, to reflect on improving those weak areas, to identify creative ways to improve student learning.
Discussion
Changes in educational assessment are called for in every academic discipline. The emerging vision of continuous assessment includes a dynamic process that yields information about student progress toward achieving a set of learning goals. Figure 3 summarizes the various aspects covered in this paper and illustrates how the learning outcomes are used in the assessment process which in turn is used in evaluating the curriculum map and making appropriate changes in the program.
As architecture schools develop and refine meaningful learning outcomes in this new culture of evidence, we invite NAAB and all concerned to continue providing a framework for measurement and assessment that is increasingly well operationalized and reliable. Having such a model available would assist architectural institutions and faculty to develop, implement, assess and thereby improve curricula. Some models of student learning are already available in other disciplines. The AAC&U's Liberal Education and America's Promise (LEAP) initiative, for example, were launched in 2005 to identify essential learning outcomes for all undergraduates. The LEAP goals are to promote a wide-ranging education for individual students and ensure competiveness at national and global levels. We should aspire and plan for nothing less in architectural education. 
